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4 roof. of what, is here advanen Meir 
be reader, that I have heard mong .”  Þ 
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relative to what! is called the rate of à tin 3 
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. per's going, the proper mode o obtaining 3 
5 it, and tl 8 degree of dependence Which ma * n 
be placed on them, in the laſt twelve 19 


| eighteen. months, than in all my life before, 
S though EL have been pretty. intimate with the 
ſubject for near forty years; and Lam firmly 
_ perſuaded that if the uſe of tire-keepery had 


not been well eſtabliſhed by experience be- 
fore, theſe new doctrines were broached, they 5 
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would not 3 been ſpeedily. introduced i 1 


Y 4 , 


5 the fligma which, for private 
1 Bs been un u unjuſtly thrown on theſes 
valuable machines, by thoſe | who, notwith= - 
| | Kanding, would be thought, and indee ought, . 
to have acted differently by them; to ſave 


myſelf, if poſſible, ſome trouble in future; 
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apt to enable thoſe whoſe buſineſs it is to 


apply them to the purpoſe of finding the on- 
| gitude, i in the beſt, and eaſieſt manner, were 
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my motives. for writitig the following tract. 
But as my firſt object may be thought by 
ſome to be of a controverſial nature, I ſhall 
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1 | 75 : "ide the fourfollowing beds: ? ?6'k 5 
Re . 1. It has been repreſented, that i tender 9 
' ag the uſe of a kime-keeper reaſonably Certain, 
40 13 the rate of its going ought to be taken from 3 
= N of We) of time, at leaſt, equal to that of the - x 
| 25 voyage which it is intended to be uſed 1 m „ 
If this were true, it would be . WOE) 
Rs Ur the. Captains, and Officers, of Eaſt-India _ 
WW + hips, to begin to examine the rates of their 
3 time-keepers, or to employ people , to do Wt 
bor them, at leaſt four or five, of indeed” * 
months before the time they are appointed t 
1 | Hill, becauſe the outward bound voyage may 
generally be expected to laſt fo long: but 
| this is often four, five, or fix times as long as © nt 
they know of their appointments before tu 
time when they are directed to have every 
thing on board, and be ready to fail. on 
„ board ſhips of war, which are frequently de 
dered out of port on a few days notice, and 
remain out for months together, the 1 
\ * tion is ſtill ftronger. And in voyages of 
Diſcovery, where time- -keepers are more 
eſpecially neceſſary, and in which ſhips are, 
8 ſeldom in a. port more than a fortnight or 
\ 1 three weeks at a time, and at fea four or | 
_ five months, they would, according to > this | : 1 
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aſſertions, ſometimes, When they are made to 
ſerve particular purpoſes ; begauſe few of the 
* conſequences which may be drawn from 
them, except that which they; are intended to 
ſerve, are conſidered, l.... : 
2. It bas been W as a matter 5 
of great difficulty to aſſign the rate which 2 
| time-keeper may be expected to keep in 
future *, It has even been aſſerted that 
*« no- en! rule has been laid down, nor 
ſeems capable of being found, for aſſgning, 
' from any number of trials, the rate which 
* watch ſhall be moſt likely to obſerve in 
any future trial; and that the common way, 
of dividing the whole that a watch has done, 
during a given period, by the number of 
days, and applying the quotient as a daily” 
rate to be uſed in any period ſucceeding, is 
75 certainly not a method that can pretend to 
any extraordinary exactneſs 7. 
It will be ſhewn in the following tract, ; 
that there is nothing more ſimple in itſelf, 
or more eaſily performed, than finding the 
rate, which a time-keeper goes at: and I 
aſſert, without fear of being confuted, that 
the rate, ſo . is a N90 for 
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. keeper be fo; For every one, WO is con- 


perſant with aſtronomical obſervations, knows. 


that the time can be alway 8 found Within A 
© very ſmall part of a ſecond. But, that I: may 
not under rate it, I will ſuppoſe that an error 


of half a ſecond may be committed in find- | 1 


ing the time, both at the beginning and end 
"BE "the interval. which the rate is taken from, 


and that the obſerver is ſo unfortunate as pe $ 


make it different” ways, Which will create an 


error of one ſecond in the Whole intetval: th 


this er rar, which few who are acquainted 


with the ſubject will admit can happen, N 
- only cauſe an error of twelve ſeconds, 0 


three minutes of longitude j ina voyage of a 
whole year, the rate being taken from a 
month, as is uſual. - And I aſſert, that this is 
a general rule for finding the rate Which a 
time-keeper is moſt likely to £0 2 at in Wine 


If, indeed, the irregularities in a watch” s go- : 
ing be very great, or the period 1 in which yet 


irregular ities return be long, or infinite, 1 
grant that this method of deriving a rate is 
_uſeleſs ; and fo will every other method be:; 


at 18, ra dec: impoſſible to. find the fum of a 5 
ſeries the terms of which bear no relation one 
to another; but the method is only uſeleſs _ 
becauſe the watch is fo, at leaſt for the pur 
poſe under conſideration. ! 0 It is impoſible to 
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23. It has been ſaid that it is not well⸗- 3 
agdgreed What, the object and purpoſe i is ich 4 = 


the taking of a rate is intended to anſwer v: 5 
and that among perſons likely to bo beſt in- 5 Lf 
formed on the ſubject, great diverſity of i 
nion prevails in regard to what ought to be 
taken for the: rate of going of a watch; and 
that even the ſame perſons fluctuate, at times, 
between opinions widely n from cach | 
other concerning it . 5.5 | 
I am not in fear of being N 1 1 
aſſert, that evety diſintereſted perſon, Who 
underſtands the ſubject, will agree perfectly 
| concerning the purpoſe which taking the rate 
of a watch is intended to anſwer, notwith - 
7 . ſtanding he may Expreſs himſelf obſcurely, - 
or. even incorrectly, in anſwering red, A 
to. queſtions which are put to him, without 
previous notice, on ſcientific ſubjects. Queſ- 5 
tions of ſuch a nature ought never to be put 1350 95 
in this manner, but be given in writing; ; and 
the anſwers ſhould be returned i in the ſame ey 
manner, after due deliberation; if correct i W 
formation be expected on the ſubject. Iam 
in as little danger of being confuted, When 1 | 
r that every perſon of the above derb. . 
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_-- "= - ouglit. to be taken of atime-keeper' to 20. to”. 
1 ſea with. But there may be, and undoubt- 
3 he -infts de fide 
8 ei is, in the inſtance under confi ration, 


. a material difference between the means 
wich ought. to be made uſe of for tryin 1 
how far a machine is adequate to a certain 
© paipole, and in applying it to that purpoſe | ; | 
in the beſt manner circumſtances will admit NE 
Doof, when the machine is known ts be, in 

n ſome degree, imperfect: and if ſo, a man C 
3 cannot be ſaid to fluQuate between „ Opi- 
„ nions widely different, i ' becauſe, on being 
aſked what he thinks the beſt method of | 
trying how far a time-keeper is deſerving of 
that name he propoſes one method; and, on 
being aſked, afterward, what be thinks the 
beft moths of applying an imperfect time- 
| keeper to the purpoſe it was intended for, he 
- Propoſes another, ſomewhat different. This, 
however, is a juſt ſtatement of the only « cafe: :- 
which has. been brought forward to. prove” 
that © the ſame perſons fluctuate at times 
between opinions widely different from each 
other :” for, 1 in the firſt caſe, the opinion of © 
the perſon alluded to had been aſked concerns _ 
ing the beſt means of trying the merits of a 
= beer; ; and in the latter concerning 
a the means of Bading a rate which the time- 
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E tue, he perſon, unfortunately, did nt 
® | perceive that the queſtion had been ſbifted 
on him; and I am perſuaded the gentlemen 
Who examined him were not aware that they... 
had done it; for, if they were, the inference 
they have drawn would be, very ungçandid. 
Not a ſingle inſtance. has been adduced ' to 
ſhew, that © great diverſity of opihion pre- 
ails, in regard to what ou ght to be taken 
for the rate of going of a watch, a. 
perſons likely to be beſt informed on the 
ſubject; 25 nor does: it Arden to me that one 
Fan, . FRA & £2406 8 1 be 55 

8 Js been aſſerted that W ever . 
Aint touches at a port, the longitude of which: 
is known, a new rate of a'time-keeper may 
bs obtained; and that if a perſon land at a 
place where the longitude is hot Fn 
though, but for a few hours, the longitude 
may. be determined within leſs than a quarter 
of a degree, and a new: rate of. the timer 
keeper. found from it“. 

The falſehood of ay 6ffcetions, 5 880 
ignorance they betray. of the ſubject they re- 
"late to, are too groſs to impoſe on any wha 
underſtand that ſubject ; ard would not 
have been taken. notice at here, were It not 
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them, 
namely, that a new rate of going may be Ob- 
ttjained for a time · keeper every time a ip 
A touches at a port where the longitude is 
I = 5 77 known, I need only put the fol owing caſe: 21 
BZBuppoſe a ſhip to fail from E England, and _ 
Feach the Cape of Good Hope in fixty days, 
Höhen it is diſcovered that the longitude: ſhewn 
by the time-keeper is 30 minutes wrong; r! 
that the watch has erred two minutes in 
+ time, It will be obvious to every one, that if: "1 > 
the time-keeper altered its rate immediately 
on leaving England, and continued to go 
dee afterward, it muſt have altered 
its rate exactly two ſeconds a-day. If it did 
not alter its rate till one · third part of the time 
had elapſed, and went uniformly afterward, 
it muſt have altered its rate three ſeconds a- 
. If it did not alter its rate till half the 
time was expired, it maſt have altered its rate 
four ſeconds a-day. If not till two-thirds of 
| the time were elapſed, it muſt have altered 
its rate ſix ſeconds a- day: and if not till the 
day before they arrived at the Ca pe, Which 
is as probable as the firſt ſoppodtios, it muſt 
have altered its rate of going wg minutes „ 
* = day! 
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5 Halter, than it Was going at the 


; a rate, io obtained, may be uncertain, as w 
9 as the number of was it may happen, can- 
9 not be computed. Iti is ealy | to conceive that 
by ſuch. an opinion might have been advanced 
= if 4 man had been taken by ſurpriſe, and the - 
: queſtion had come upon him unexpectedly : 
I Be that an aſſertion ſo prepoſterous, could 
: be made premeditately, and repeatedly, after 
= | the” matter had been canvaſſed, to invalidate 
= | the teſtimony. of others, who had denied the 
= - poſſibility of doing it, would be ſcarcely ere: 
dible, if it did not ſtand on record under as 
2 good authority as any in the kingdom. 
= In reſpe& to the other aſſertion, namely, 
chat the longitude may be found, with cer- 
| tainty to leſs than a quarter of a degree, 
: whenever a perſon can land, though it be 
but for a few hours; it may be obſerved that 
k correſponding abfreatons.. are- out of the 
5 queſtion, becauſe the longitude is to be deter- 
5 mined on the ſpot, for the purpoſe of finding 
ane rate for the time-keeper to be uſed in 
5 the future part of the voyage: conſequently, 
1 1 muſt be reſorted to for ra time under 
75; 
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or if we admit the probability, (which is no 
Tmall one) that it miglit firſt 30 faſter | and 5 N 
after ward oer; or firſt flower and aſterward . 
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the meridian later than the time of mean noon, 
or twelve o clock: as it is uſual called: and 
e meaning is, tf at the quantity of time ext 
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| 1 Take the ſun's longitude from page II. 
ws of the Nautical Almanac for the Aren day, 
and its hourly motion from page II. N Os 
Enter Table HI. with the ſun's 500 y . 
motion at the top, and the longitude of the 
given place in the left-hand-fide'« column, and 
take out the correction which ſtands under 


the former and oppoſite the latter: this cor- 


noon at. Greenwich, if the longitude. of the 
place be weſt, or ſubtracted from it if the 
longitude be caſt, will give the ſun's longitude - 
for noon at the given place. . 
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Enter Table VI. of the. Re quiſite Tables 
with the time from the e noon at the 
top, and the day of the month in one of tho 
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to the latter, ſtands the correction of the fun” I 
declination on account of the time. 

If the ſun's declination be wanted for noon 
at any other place than Greenwich, enter the 
Table with the longitude of the given place 

at the top, and the day of the month in one 
of the fide columns, agairiſt which, and under 5 
the longitude, en, the correction of the 


1 ſun” 8 e on that account. 
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1 Let 1 altitudes of te ſun's lower 
umb be obſerved when it is, ati leaſt, three or 
ae Ha faur points of the compaſs from the meridi: ar 
3 Add theſe altitudes t together, and divide the 
ſum by the number which were taken, and 
„ "the quotient. Will be the mean obſerved: alti- OS 
From the abſerved W 1 oe ſun⸗ 8 
lower limb, ſubtract the dip of the horizon, 
(Table II. 3 the Requiſite Tables) and the 
refraction (Table I.) and add he ſun' 's ſemi- 
diameter, (page III. of the Nautical Alma- 
nac), and the parallax i in altitude (Tab. III.) 
to the remainder; the ſum will be the true 
Altitude of the ſun's center. 5 5 Wheat” 
| Take the ſun's declination from page 1. of 
if L je Nautical. Almanac by Problem III. 5 
If the ſun's deelination and the cooJativude - 
ol the ſhip be one north and the other ſouth, 
take their difference; but if they be both north, 
or both fouth, take their ſuns for the ſun's 
meridional altitude. If chat fon be greater 
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Take the equation of time from page II. 
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eee the 3d, 179 3. about 20d 45 la- 
titude 16* 23 north, longittide 115* eaſt, the 
following altitudes of the ſun's lower limb 75 l 
were obſerved: What was the true mean 
time; the height of the obſerver 8 1 being 
20 feet? e | 
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February the 3d, 1793, about half paſt 
two o'clock, latitude 15* 50 8. longitude 
162. E. the following altitudes of the ſun's 
lower limb were obſerved: what was the 
true mean time ; the height of the obſerver” 8 
eye being 21 feet? ES | 
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_ faund at. the ſhip, by the preceding Problem, 
the difference between it and the time ne ſhewn| | 
by the watch, when the Gan's..altitide Ten 


obſerved, being, mepes, into degrees and mi- 
nutes at the rite of J 2 ta..an_ hour, witt be . 
the lopgitude of the place v where ee bs 
altitude was obſerved, by Art. 18. 3 
209. It is not, emal abſzlutely neceſſary. - 
that the watch ſhould either be ſet precikly 
to mean time at the firſt p wess WB 5 
gulated to keep, exactly mean time; both of | 
Which. might, Perhaps be difficult, or, at leaſt, 


tedious teat. The only! thing whichvis 
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abſolutely requilite- in-e-watch, to render K. 
equal to the taſk of finding the köngitude, is, 
that it will go uniformly at ſome rate; be- 
cauſe the fate which/it" o gd tit, as well as . 
its deviution from mean finie at the firſt mo- 
ridiag, may ber readity found, as follows) and i 
Alte wed fol 2 iI 2 . ITY 2 Lett. 50 
Lo 30. Strictly ſpeaking, the rate of 4 watch 
Ihe number of Holt? minutes, af ſeeduds, 5 
which its 'hahds app N Kats: ah&6ed-ever 
of the didl-plate*mn2 mh of a man for N 
ar it ede, al the.dffefofics __ 
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al. ra lane ee owns dy dhe warb fy 
mean ſolar dae mor than a1 hours; 2 hdurs 
ax talleni from ii and the remainder is lealled 
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Ire u time in a" day, or 24 hours; and how ">>," 
much it is too faſt, er too'flow, Tor mean t time 1 
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found very readily, and with tolerable exagt © 
neſs, without the uſe of any inſtrument but OS 
Hadley's quadrant; or any obſervations but 
that of the ſun's altitude, which every ſeas. 3 
man is peceſſarily accuſtomed to makGGee . 
Soretitne befbre the wateh is wanted, — 
a month may be ſuffleient in moſt caſes; ob: 


ſerve 1evexal'akitudes of che duns lower W 
b 1 when 


N 5 e by. le Aegean TL ETA lid ert 
Add theſe altitudes together, divide the.” 
: ſum by the numher of obſervations; and the 5 
quotient will be the mean altitude of the ſun's 5 
limb. Take, in like eee he mean G2 
| the times by the wateb. She eee 
Correct the mean ee altitude for te 
Dy An of the horizon, refraction, the ſun's ſemiu- 
diameter, and its parallax in altitude; and, 
Vvith the altitude fo corrected, che latitude f 
A the place, and the ſun's decliuation And de : 
mean time by Problem IV. _ 
Take the difference between the mean time, 
and the mean of the times ſhewn by the 
watch, when the obſervatiqns were made, 
and it will be what the watch ame folt-. 
or too ſlow for mean tie. inn 
Immediately before the ſhip Gils, repeat 
theſe obſervations; and find again how much 
the watch is too faſt or 800 flow for mean 
time. Take the difference between the 
mean time of the firſt obſet vation, and the 
mean time of the ſecond; alſo the difference 
between What the watch was too faſt, or too 
flow, at theſe two times; and the latter di- 
ference will be the loſs or gain of the wateh, 
zin the interval between the obſervations. 
Then, as the interval between the obſerva · 5 
tions is to one day, ſo is the loſs ot. gain of the 
7 9 waeb, 


+ 2 j 
ws I» i 


| 


3 


* 


0 1 8e, eu a5 Ig 


3 25 


"Sun's declin. 


Co. latitude 


True Altit. 


4.12 
38 47 


Apparent time. 2 
Equation of time * +, 5 %ad, 5c; 


Mein tim 


Time by the wach!. 49 1 54,6 ö 
Watch too flow. ... .. 


* 


57 43 5 
A 7 
March HY 1793, the following obſerva- 
tions were made on board a ſhip lying 3 in the 
Downs, latitude 51* 1 3˙ N. and long. 127 E. 
for determining the rate which a watch went 
at, the beight of the obſerver $ 7 being 22 
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obtair 4 he . hich FAR Gs. Mi 

reater' certainty, obſervations | - 3 
may be made on more days than one, bothat 

the beginning and end of the interval: er 

more than one ſet of obſervations may be 530 

taken on the ſame-day, if opportunities offer, 5 5 5 PR 


and the reſult of each ſet of obſervations, 75 = 
made at the beginning of the interval, muſt 
be compared with the reſult of each of thoſe 5 
taken at the end of it; by which means 85 gy 


| ſeveral daily rates will be obtained, which Ds 
may differ a little one from another. In this 
caſe, the mean of them all muſt be taken for - "4 
the true rate which the watch goes ne ee 48 
34. Obſervations made only at the bes. ING 
ginning and end of the interyal], give the 25 : 
rate of the watch, on a ſuppoſition „„ 2M 
does not alter its rate of going in the tine 
which: elapſes between them for if it does, 
thoſe obſervations will not detect it. It will 
therefore be prudent to take obſervations as 
| often as circumſtances will permit, and find- 
the rate which the watch has gone at between 
every two obſervations. | „ 
35. TI have given this method of: finding „„ 
the rate which a watch goes at, becauſe „5 
may be put in practice by every ſeaman, _ 
without introducing the- uſe of any inſtru- 
ment, or abſcrvation, which he is not already 
neceſſarily acquainted with; aud becauſe it 
admits of being executed, if care. and ſkill , 
b „„ 1 5 be . 


9 
" 


1 


. te N wich oral e Col ſh 
ciůent, at leaſt, for the uſual length of a W. t- 
India voyage, out, or home. It, bowever, | | ; 
requires a very good inſtrument, and care 
and ſkill in the uſe of it: moreover, the 
r mmoſt. exactneſs muſt be obſerved in the 
„ calculations; ; and, when the utmoſt fkill 
in both i is e it is s not e Tor Hong 
| 3 . 
d. The W W way y be hang the. 
rate which a watch goes at, and that which 
requires the leaſt calculation, is the method 
practiſed in fixed obſervatories, where Shay 
| have tranſit inſtruments adjuſted to, and 
moving in the meridian of the place. This 
method has been lately adopted by ſome 
_ gentlemen “, in the Eaſt- India Company's 
ſervice, who have carried out portable tranſit 
_ inſtruments, for the . purpoſe of examining | 
their watches in India, before oy: ſet out on 
their * home. e 


— — 


pESCRTTION AND USE OF THE. 
TRANSIT INSTRUMENT. : 

37- A tranſit inſtrument is a teleſcope, of 5 
any convenient length, fixed at right angles 
to an ene axis; >: 0 which it turns 
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4 ,* Twas xs Joſeph Huddart, Efq. F. R. S. an Elder Brother of 155 

the Trinity-Houſe, and lately Commander of the Royal Admiral 
4 Eaſt-Indiaman, a very ingenious aſtronomer and mechanic, . 
who, I believe, introduced chis bulineis i into the ſervice. gs dl 


in Ache ns of the” meridian or r any 7 other > 
vertical ici. I BO 1 
Let FE (fe. 3 weber « an bert 5 
axis, the two ends of which Fand E, . 
perfect cylinders, and reſt on the frame, or 
ſupport, ABCD, in the angular notches 
A and D. The frame ABCD may be of 
caſt-iron; but the notches, or Vs, A and D, 
c muſt be of bell-metal, and ſlide in grooves, 
which are ſcrewed firmly to the two upper 
ends of the iron frame. That at A has a == 108 
| vertical motion, governed by the ſerew'h, by, 
which the end F, of the axis EF, i reite 3-3 
or lowered, to bring the axis horizontal. 
The at D has an horizontal motion, go- by 
verned by the ſcrew g, to bring the teleſcope © 
to any mark the obſerver may wiſh to phics: 
it to; or to reſtore it to that mark, if it be 1 
found, at any time, to deviate from it. Theſe i 
Ys, or notches, with the apparatus which 
governs them, are repreſented more diſtinctly 


in fg. 3 and 4, where S repreſents that 
which has the vertical motion at A; and = 
that which has the horizontal motion at D. © 5 

F and E are ſections of the _ E F, N 3 


in them 
38. The axis E F, PR (excluſive of the 
two cylindric pivots, E and F,) is formed of | 
two hollow conic fruſtrums of braſs or tin; 
the two greater baſes meeting at W, where 
= are croſſed, at right angles, by two 
«2 > | other 5 


Ss babe n W G. W. „ 1 
through which. the teleſcope M N paſſes; the 
apertures at G and H being ſomewhat wider 
than is neceſſary to receive it. To ſix the 
teleſcope in its place, there are four ſmall | 
ſcrews, two at the aperture & and two at H. | 
Thoſe at G (toward the eye- end of the tele- 
ſcope)> act one againſt the other, in an hori- 
Zontal direction; one of them appears at 3, 
and the other is diametrically oppoſite to it, 
and, conſequently, hid by the teleſcope. The 
two ſcrews which are at H, (one of which 
appears at c) act one againſt the other in a 
vertical poſition, ' Theſe ſcrews have fine 
conical points; ſo that when they are forced 
againſt the tube of the teleſcope, they will 
| rm ſmall conical holes 3 in it for themſelves 
to reſt in. e n 
39. Five very ſine filver wires are placed 
in the common focus of the two glaſſes of the 
teleſcope, exactly parallel to, and equidiſtant 
from each other: the middle one biſecting as 
nearly as the inſtrument- maker can poſſibly 
make it, the field of the teleſcope; and a ſixktn 
wire is placed at right angles to theſe, beſect- 
ing alſo the ſield of the teleſcope. This ſyſ- 
tem of wires is repreſented in g. 5. and re- 
quires no farther explanation. | 5 
40. OPQR is a ſpirit level, hacks I 2 
hung on the two cylindric ends of the axis: F 
aud E, by means of the angular hooks O and 


PER. 


by the ſerew e the dene * Ane _ x. 
25 axis is horizontal. oy | 
„4 LAKImn ſcraieircle, divided es 5 
: ctdenints! of 90 degrees each, beginning „ 
L and I, and meeting in Z, at go. E K is 
an index, twiſted on to tlie end E of the axis, 
having a Vernier's diviſion at K, which ſub- 


Rithe 4 n 3 6 Y 


divides the arch to every 33 and which is ſet | oy 


_to-90%, at Z, when the teleſcope points to 
the zenith. By means of this arch and index, 
the teleſcope may be ſet with prediſion to the 
meridional altitude of any object, the paſſage 
of which, over the meridian, is required to. be 
obſerved, whether it paſſes to the northward 
or ſouthward of the zenith. ; 
42. The cylindric pivot F is ie 
and ſo alſo is that fide of the tube of the tele- 
ſcope, which is oppoſite to it; and within the 
tube, and directly oppoſite this perforation, | 
a. plane reflector is fixed, at an angle 45* with 
the axis of the teleſcope, having a hole through 
it, large enough to admit all the rays Enn | 
from the object glaſs of the teleſcope. FER, 
43. When ſtars are obſerved in the night, 
a ſmall candle, in a ſtick: which has a contri- 
vance for ſetting the candle higher or lower, 
JB placed. oppoſite the hole in the pivot, the 


light of which falling on the: reflector in the = 


: tube of, the teleſcope, is thrown by it on the 
wires in the n of the teleſcope'; by whick 
means 
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means they are a e viſible; to the ob- 


fever. By placing the candle nearer to, or 
farther from the end of the pivot F, e 


Tp quantity of light thrown on the wires r ang D 
N to THe waſh of TO owe: Abel 


5 10 LEVEL. THE. AXIS. 28 
[ia Hang the level on the axis, the hook 0 
on the pivot F, and che hook R on the pivot 
E, and raiſe or lower the end F, by the ſcrew 
I, until the bubble reſts exactly in the middle 
of the glaſs tube. This being done, invert 


— 


the level, hanging the hook O on the pivot E, 


and the hook R on the pivot F. If the 


bubble ill reſt in the middle of the tube, the 
axis of the inſtrument is parallel to the hori- 


zon. But if the bubble do not now reſt 


exactly in the middle of the glaſs tube of the 
level, turn the ſmall ſcrew , which is at the 
end Qof the level, until you have moved 
the bubble half-way toward the middle of 


the tube, and carry it the other half by 
turning the ſcrew . Invert the level again, 


banging the hook O on the pivot F, and 
the hook R on the pivot E: and if you 


were exact in eſtimating half the error of 
the level, the bubble will now reſt exactly 
in the middle of the tube, and the axis 
will be level. But if it be not, correct half 
the error by the ſcrew 9, and the other half 
by the ſcrew , and invert the level until 
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Ti 0 by Tas TSLESCOPE Ar RIGHT ANGLES 
„ TO THE AXIS. „„ 5 

45. 1 ales ſerews at G 1 H ba: with- 
8 till their points be barely even with 
the internal ſurfaces of the two conical arms 
WG, WH, lay the axis in the V s, and place 
it truly horizontal by means of the level. 
Turn the axis in the Y 5 until the two arms 
WG, WH, are alſo in an horizontal poſition, 
paſs the teleſcope through theſe arms until it 
be exactly in equilibrio on the axis, and then 
let it reſt freely in the arms with the five 
parallel wires, as nearly perpendicular to the 
horizon as you can place them by your eye. 
Turn the frame which carries the inſtrument 
round on the ſerew- pin U, until the middle 
wire, of the ſive parallel ones, be on ſome 
diſtant, well-defined object, and turn the te- 
leſcope a little on the axis E F, noting at the 
ſame time, whether the middle wire remains 


conſtantly on the mark throughout the Whole 


extent of the field of the teleſcope. If it does 
not, the teleſcope muſt be turned in the arms 
WG, W, unti} the middle vertical wire 
will remain exactly on the mark, when the 
inſtrument is turned on the axis E F, through» 
out the whole extent of che ſield. Turn no-] 
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7 o a POE & til its point preſſes de beef 
the teleſcope, as it lies in the arms WG, W H: 
taking care that the teleſcope ſtill remains in 


the ſame poſition, and that the middle wire 
will remain exactly on the mark throughout 


the whole extent of the field of the teleſcope, 


at the ſame time that the. axis FE is ſhewn. 
by the level tojbe parallel to the horizon, 


Being well aſſured of theſe two ee turn 
the ſcrew c, till its point, by preſſing againſt 155 


the tube of the teleſcope, forms a ſmall coni- 


cal impreſſion in it; and this being done, 


turn the ſcrew which is oppoſite to c, till its 


point alſo makes a ſmall impreſſion in the tube 
of the teleſcope after which the ſcrew e may 
be eaſed, ſcrewing up the oppoſite one at the 


fame time, till the teleſcope, is brought into 


the center of the aperture at H. And it 18 


plain, that if the wires have been kept, during 


this operation, perpendicular to the horizon, 
they muſt remain ſo, as long as the ſcrews 
are kept tight, becauſe the teleſgope can have 
no power to turn round. Raiſe the end Mof 
the teleſcope, in the aperture G, by putting 


ſlips of paper under it, until it be in the 


— 


center of the aperture: then turn the ſcrew 


6, and its oppoſite one, until their points 


preſs againſt, and form ſmall conical holes 1 in 


the tube of the teleſcope. By turning the 


ſcrew g, bring the middle wire of the five 


vertical oues, very exactly on to the mark 
which 


| 4 33. 7 e 
wich was used in ſetting it . * 
the horizon, or on to any other which is ſmall, 
and perfectly diſtin& : then turu the axis end 
for. end; that is, turn the pivot E, into the 
notch A, and the pivot F into the notch D; 
and if the middle vertical wire be till exactly 
on the mark, the line of collimation of the 
teleſcope is perpendicular to the axis FE. 
If the middle wire be not on the mark when 
the axis has been inverted, bring the wire 
half way toward the mark by eaſing one of 
the ſcrews at 5, and ſcrewing up the other 
and then bring the wire exactly on to the mark 
by the ſere w g. Invert the axis E F again; 
that is, bring the end F into the notch A, 
and the end E into the notch D; and, if you 
were exact in eſtimating half the diſtance 
which the wire deviated. from the mark, it 
muſt now be exactly on it. If it be not, bring 
the wire half way toward the mark by the 
ſcrews at 6, and the other half by the ſcrew 
x and try again, by inverting the axis, 
whether you have now done it right; if you 
have not, the operation muſt be repeated 
until the middle wire be exactly on the mark, 
which ever rend of the axis FE is in the 


ee 3 e 14 


ro ADJusT THE TELESCOPE. „ 
46. That is, to place the eye-glaſs ond | 


objec glaſs at ſuch a diſtance from each other, 


- 85 - ma 


. 3. by hy 
that abel papal Joci may A ar 
which the wires are to be brought into their 
common focus. To effect this, ſome tele - 
| ſoopes have the eye-glaſs and cell which car- 
ries the wires moveable, while the object- 
glats is fixed: others have the wires fixed and 
the two glaſſes moveable. In the former 
caſe, by puſhing in, or drawing out the eye- 
Piece, adjuſt the teleſcope ſo that the ſun or 
a planet appears perfectly diſtinct throvgh it; 
then move the wires nearer to or farther from 
the eye-glaſs, as may be required, until they 
alſo appear perfectly diſtin&t, and the teleſcope. 
will be adjuſted ready for uſe, In the latter 
conſtruction, puſh 1 in, or draw out the eye- 
piece till the wires appear perfectly diſtinct, 
then alter the objeQ-glaſs until the ſun, or a 
planet, appear perfectly diſtin& alſo, and the 
teleſcope 1 will be adjuſted ready for uſe; _ 
47. As it is of importance to have the 
teleſeope adjuſted very exactly in this reſpect, 
the following method of trying whether it be 
ſo or not, may be practiſed. . 7 
The teleſcope being adjuſted to Liſting 
viſion for diſtant objects, when a fixed ftar i iS: 
on the meridian, bring the horizontal wire. to 
biſect it very exaily, - and the ſtar will run 
along the wire through the whole extent ot 
the field of the teleſcope. While the ſtar 
is thus running along the wire, move your 
o a little upward or downward; and, if the 
wires 


* 35 1 | . 
wires b ot thin hn Fain of 35 +" 
the t]. glaſſes, the ſtar will appear to o 
the wire when the bye is moved. If this be 
the caſe, the wires, or glaſſes, muſt be altered 7M 


until the ſtar. will not quit the wire when the 
eye is moved the objec s appearing eee 
| ciſtinsd at the zame time. py en 8 70 240 FA | $5 RS. 1 y < 
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W AGE OF. A STAR OVER 
- THE MERIDIAN: BY A TRANSIT INSTRUMENT, 
48. From the latitude of the place and the 
far? s declination, find its meridional altitude 
and a little before the time when it will be on 
the meridian , ſet the teleſcope to this alti · 
tude, by means of the ſemi- circle LZ I, and 
index E K. Apply your eye to the A. 
and Wait till you ſee the ſtar come into it, 
which will be (apparently) on the welt fide, 
becauſe. the teleſcope (inverts objects. Let 
your aſſiſtant attend to the watch, and at the 
inſtant when the ſtar is on the firſt wire, bid 
him mar# the ſecond, and parts of a ſecond, _ 
when it happened; which he muſt ſet enn | 
on a paper ready ruled for that purpoſe, and © 
then attend again to the watch, When the > 
ar is on the ſecond wire, bid him mark the 


\ 


* If the latitude and declination be both 'north, or both 
ſouth, add the co-latitude to the ſtar's declination : but 15 one 
be north and the other ſouth, take their difference. > 
+ This may be found by ſubtracting the ſun's right cheat 
for the day, (Nautical Almanac, p. II.) from the ſtar's . 
„ene, — Tables, Tab. VII.) 


SEE m/ß | ſecond, 


- 


i . 4 * 365 5 =o - | 1 
i ſecond,” Kc. ens it Sa Bebo 
Which being written don with the minute, ; 7 
proceed to obſerve the inſtants hen a | i 4 
is on every one of the other wires; gt: rg 5 
auen the proper hour may be annexed. 

Aw afliftant is not neceſſary when the-time 
2 taken by a clock, the beats of which can be 
diſtinctly heard by the obſerver: indeed, the - 
 6bſervation may be made more exactly with- | 
out one. When a clock is uſed, the obſerver 
catches the ſecond from the clock by his eye, 
which he then applies to the teleſcope, telling 
the ſeconds on by his ear until he ſees the ſtar 
on the wire. He then writes down the ſe⸗ 
cond and parts of a ſecond when it happened, 
and prefixes the minute; after which, he 
catches the ſecond from the clock again bß 
bis eye, and tells on by his ear until the ſtar 
arrives at the ſecond wire, and ſo on. 


1 8 We 
To BRING A TRANSIT INSTRUMENT INTO: 4 
THE MERIDIAN., Mere 


49. Take altitudes of the ſun, noting che 
times by the watch when they were taken: 5 
and, from thence, the latitude of the place, | 
and the ſun's declination, find the apparent 
time by Art. 27. The: difference between 
this time, and the mean of the times ſhewn 15 
by the watch when the obſervations were 
made, will be what the watch | is too faſt, or 


too flow, for apparent time. „ 
Wo 


4 3 5 
4.48 _ 3 bel too f t. add FT is tog 


from 12 h 


ded... on; 


the going of the Watch can he de e 


Take the time Which the fun's ſemidiameter 
is paſſing the; meridian, from ipage III. of tbe 


Nautical Almanac, and add. it, to, and ſubtract 


it from the time by the watch, hen the ſun 


will be on the meridian, and you will have. the 


| faſt tog 2 hours: but if, it be too Low. tubs ; 

ttact what it is too [How 55 5 
vou will have the time by; the watch, when 5 

theſſun will be on the, meridian, as near 38 8 
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times wben the ſyn' 's. caſtexn,. and weſtern 


Ambs will bg ga, the meridiah, .. 


- {not few. minutes before the time ES 2 - 
: wa limb will be on the meridian, bid 


your aſfiſtant, tell the ſeconds as, they pals, by 
TE the, watch; but in 


A 3 


it to the proper lads; ; and turning the 
whole inſtrument round an the ſcrew-pin U. 
Having by this means, brought the middle 


wire apparently to the 1 of what ap- 
pears to be the eaſtern limb of the ſun, 


[becauſe the ſun will appear to move that way 
in the teleſcope] tighten the ſcrew U by : 


turning the nut; and when the ſun's limb 
arrives at the middle wire, keep it on it by 


turning the ſcrew g, at the rate the ſun moves, 


2 youn aſſiſtant calls the ſecond by the watch 


cad of. calling the 6oth 
ſecond, let him name the minute the Watch 
is then at. While be is doing this you 1 muſt 
bring the ſun into, the teleſcope. by elevating: 
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u dich pos hag hs Wasch e voſtort 5 
| bf the fun would be on ths meridian ande 6 
Let your aſſiftant tell 66 tilk che watch arrives 
at the ſecond; when, aechrding to your caleu- 
| lation, the eaſtern lindb=6f the" Tun ſhould be 


t will be! gedtly' in the 


on the meridian; and, if it is Sr edtactly oh. N. 
you. will have-othier- 6pportanity bf: rectiryi 


e F 


the inſtrument by tufnitig the ſcrew g- 


eye-end of the teleſcope, it will be donvenie 


of lens. ; 91:3 #517 $39 Dl til £4 EX K 00 


11 50. On this, and ſeveral other occaſions; if | 


| vo have not a4 darkenigg- glaſs Fitted "tothe 


to have a pair of ſpectacles With plate dart 1 
zlaſſes, of different degrees c of men inftead f 


* Lr. Having thus brought heat 


verified ſeveral ways; of which I hal point 


there are ary of ſtars in both hemiſpheres, 


ſufficiently bright, which never ſet; and con- 
ſequently may be bbſcrve@/at the inſtruthent 


both above and below che pole. Let the 
tranſits of ſuch a ftar- over the meridian be 


above the pole, again: and it is manifeſt that 
if the time of the firſt tranſit above the pole, 


into, ot very near the meridian, its real finds." 2 
tion, with reſpect to the meridian, chay be "of 
If the latitude of the place be con- 
Arrable; that is, 30 degrees, or upward, 


obſerved above the pole, below-the pole, and 


be ſubtracted from the time of the ſecond tran- | 
fit above the pole, (adding 24 hours if ne- 
32 = ce ſary) 


1 2 3⁰ 5 KT 
nder will Ws SY „5 
Watch? in which the earth (or the ſtar appa». . 
_ rently) makes one diurnal revolution. | It i? 
alſo evident, thas if the-1wo intervals between 


3 remaj 


the time of the tranſit below the pole, and © 
the two tranſits above the pole be equal, the 
inſtrument muſt be exactly in the metidiann 
If the interval between the firſt tranſit above 
the pole, and the tranſit below the pole, be 
greater than the interval between the tranſit 
below the pole, and the ſecond tranſit above  -. 
it, the object end of the teleſcope, when di- 
rected toward the elevated pole, lies to ts 
_ eaſt of the true meridian ; but if the latter | 
interval be greateſt, the object end of the te- Ns 
leſcope, when directed toward the elevated 
pole, lies weſt of the true meridian. To cor- 
rect the error, and bring the inſtrument into 
the meridian, add 24 hours to the time ß 
2 5 the latter tranſit above the pole, ſubtract the 
time of the former from it, and take half the 
remainder. Take the difference between this 
and the interval between the tranſits above | 
and below the pole, and take half this differ- | 
ence, Then as the time by the watch of an | 
entire revolution is to 24 hours, ſo is this 88 
difference to the half difference in ſideria! 2 
time. Add together the logarithm of tbis 
half. difference, the logarithmic tangent of the 
ſtar's polar diſtance; and the logarithmic ſe⸗ 
<ant of the latitude of the place, the for... - 
| ; rejoaking OE 
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tay 


rejeing/a6 from the index, 8 e the o—- 
garithm of the number of ſeconds; in tine, 


4 which expreſſes the angle made by the inſttu- 
5 ment and the meridilan. Th: robes, 


' Conſider what part chi e of this f ; 1 


Misr val, between the wires which are in the Eb 
focus of the teleſcope *: and turn the inſtru- | | 
ment, on its axis, till the teleſcope points to 


the horizon. Look out for ſome tolerably | 


diſtinct object which is cut by one of the 
wires; and, by turning | the ſcrew g. remove 
the wire to the eaſt or welt of this object, (as 
may be required) ſuch a part of the ſpace be- | / 
tween that wire and the next to it, as the an- 
gular error of the inſtrument makes of that 
interval. Vou muſt then proceed to examine 
the pofition of the inſtrument again, either by 


the fame, or ſome other circum-polar ſtar, 


and to correct it, if it requires correction, 
until you get it exactly into the plane of the 


meridian ? and when you have, a mark muſt. 
be ſet up in the meridian, at as great a diſtance 
from the inſtrument as may be convenient, or 


as it can be ſeen diſtinctly; and the teleſcope 
muſt bẽ carefully adjuſted to this mark before 


\ 


eyery obſervation. 5 


4 The interval between "TY wires in the focus of the tele= | 


ſcope, may be found by obſerving the tranſits of one, or more 
of the ſtars J Ceti, 9 Orionis, v Leonis, v or 7 Virginis, 1 An- 


tinoi, A Aquarii, « of A Piſcium, or any other ſtar mos is very ©. 
near the equator, Yo > IC 4 13, th 5/1 +60; 
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„ 5 eee 
: Fomalhaut' 8 declin. 70048 | FE 4 ace 9.93442 f 


| Kerr ofthe inflrum. 5 95%" Log. 1 18768 ; 


5 This! is very. near e parts. of the 
 vinterval between the wires in the focus of the 
arid therefore, - having. found an 
> horizon which is cut by one of 


_ teleſcope; 


the wires, turn the ſcrew g, until that object 


appears to be removed three-ſeventh parts of 
the ſpace, which is between the wire it was 
on before, and the next to it (apparently) 
toward your right hand, and the inſtrument 
will be in, or very near the meridian; and 


its real poſition may be examined by the fame, 


or any other pair of ſtars, and adjuſted till you 


find it e in the eri 1 


To OBSERVE THE SUN'S "TRANSIT OVER | 
| THE MERIDIAN. 


"FYs Trot the latitude of the place = the 


ſun's declination find. its meridional altitude 
by. Note 1. Art. 48; and, a few minutes be- 
fore noon, ſet the inſtrument to this altitude, 


by means of the ſemi-circle LZI and index 


EK. — your * (defended by a dark 


B BPegaſi's declin. 26 59 _.  co-fine 9,94995 Ts 
Different declin. "oy 4t - co: ſec. 10, 309 : 
Lat. Bardadoes 1 7 F: . ſecant 3 8 


den 
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3 05 „ 


. glas)! to i HY tdtefoape;; and wait, till wy 1 
the firſt limb of the ſun enter it; Which Will 


be (apparently) on the weft fide, becauſe tho 


. teleſcope inverts objects. When this happens 


let your aſſiſtant attend to the watch ;' and, 
when the firſt limb of the ſun touches the 


firſt wire, bid him mar# the ſecond, and parts 


of a ſecond, which are ſhewn. by the wateh; 
and-which he muſt ſet down in the firſt co- 
lumn of à paper that contains five, ready 


ruled for the purpoſe. e muſt then prefix a 5 | 


the minute, and attend again to the watch. 


When the ſun's firſt limb arrives at the ſecond. _ 
wire, bid him again mark the ſecond, and parts 
of a ſecond ſhewn by it; which being ſet 
"down in the ſecond column of his paper, ww" 
the minute prefixed, he muſt attend again to 
the watch. And in this manner the times 
hen the ſun's firſt limb arrives at every one 


of the wires muſt be obſerved, and noted 


down in its proper column. The times when 
the ſecond limb arrives at each of the five 
wires muſt be obſerved i in the ſame manner, 
and written in their proper columns, under 


thoſe of the firſt. If the wires in the focus 


of the teleſcope be ſo diſpoſed, that there is 
not time to obſerve thè firſt limbs at all the 


five wires before the ſecond limb arrives at 
the firſt wire, the obſervation of the firſt limb 


at the fifth wire muſt be omitted, and, in this 


caſe, the obſervation of the ſecond limb at 
= | OY Co | the 


oy 
* 7 | 
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4 - «1 
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5 5 ; 


= 4. TE y 2 
av firſt wite may! "be. <rotted, d alſo, AS. ir will 1 ee 
bo of ho ufe. a i 

560. The An the times 105 4 en „ 
n of the ſun, were. at the. middle W 
will be'/ the time of apparent noon by the 
watch; and, if the wires are equidiſtant, (as 
they ought to be) the mean of the two times 
when tlie firſt limb was .at the: firſt wire, ane 
the latter limb at the fifth wire, will alſo be 

the time of noon. Alſo the mean of the two 
times when the firſt limb was at the ſecond > 
wire, and when the latter limb was at r 3 
fourth wire, will be the time of noon; as 
alſo the mean of the times when the Py „5 
limb was at the fourth wire and the latter 
limb at the ſecond. If the firſt limb was ob- e 
ſerved at the laſt wire, and the latter o 
the firſt, the mean of theſe two obſervatios 
will alſo be the time of apparent noon, and 
the mean of all theſe reſults, if they differ, as | 
they moſt likely will, is the 1 time of e ; 1 
noon by che watch. 12 TOP . 5 
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10 FIND THE. RATE WHICH 4 WATCH GOES AT 


BY OBSERVATIONS OF THE SUN'S TRANSIT | 
OVER THE MERIDIAN. | n SY 


$i oe 


a Obſerve the time bon the Gu 5 FEY 

the meridian of the place by. Art. 59, every 

day at noon, or as often as opportunities 

offer. The equation of time muſt then be 

taken from the N autical e by Art. 
| „ 4*” e and, wes. 


„ 
— 


. 


— . 
CLONES Minh 


. 
N * 
—— 


Fs 4 52 + 
Ai if it be Wed alive it will FR TR 
fame as the time by the watch when the ſun's | 
center was obſerved to paſs the meridian, if | 
the watch be right. If they differ, that dif- 
ference is what the watch is too faſt, or too 
flow for mean time : and it is too faſt if the- : 


time by the watch be greater than the equa» _ | 
tion of time, and too ſlow if the time by the * 


Watch be lefs, If the equation of time be 
ſubtractive, take it from twenty-four hours, 

compare the obſerved time when the ſun's 0 

center was on the meridian with the remain- 
der, and the difference between them will be 5 
what the watch is too faſt, or too ſlow, ad- 
cording as the time by the watch is the greater 


or the leſs. Theſe obſervations, when the 
voyage is expected to be of a conſiderable 
length, ought to be continued for a month at 


leaſt: indeed, the longer they are continued, 
in all caſes, the better; but in this the ob- 
ſerver muſt be governed by circumſtances. 
They muſt always, however, be continued as 
near as poſſible to the time when the ſhip is 
expected to fail, that there may be as little 


chance as poſſible left for the watch to alter its 


rate of going after the obſervations are cloſed, 
62, The times by the watch when the ſun's 

1 was obſerved on the meridian, muſt be 

written one under another, againſt the days 


of the month when they were obſerved ; and 


it 1. the wa that began at the _ when : 5 
5 the 
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dhe ſun's center was on 585 . which "2 I 
is to be ſet before. the obſerved time, ang ee 

; the day Which ended then, as is the cuſtom TEES 

with ſeamen. The equation of time, or its 

OE ſupplement. to 24 hours, according as 3 4 

additive, or ſubtractive, muſt be ſet in Ang» 8 

ther column, againſt the obſerved times of 11 
noon, and the difference between them 1 in 4 7 

third, with the ſign + or —, according as the | 
watch is too faſt or two ſlow for mean time. 
This is all that is neceſſary to. be done till all 

7 the obſervations are made. 5 
63. When the ſhip 4 is ready. to Gil, add a 
fourth column to your paper, take the differ- 

- ence between what the watch was too faſt LESS.” 
too ſlow. on the firſt day of obſervation, an 
what it was too faſt or too ſlow on the ſecond. 
and put it in the fourth column, oppoſite the 5 

ſpace which is between the two numbers of 
which it is the difference. ; Take alſo the 
difference between what the watch was too 
faſt or too ſlow on the ſecond day, and what 
it was too faſt or too ſlow on the third: be- 
tween what it was too faſt or tao flaw on the 
third, and what it was too fait or too ſlow on 
the fourth, and fo on, Place theſe differences 
alſo in the fourth column, oppoſite the ſpaces 

| which are between the two numbers of which 
they are, reſpectively, the difference. Thoſe 
differences will be the gain or loſs of the watch 


in the twenty-four n which they reſpec- 
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Whether the watch alt 1s its rate of goit 
Alle i e e ch is abſolutely 
eſſary to be known ; becauſe, if it tes, al 
* bblervations m be rejected which © 
on alteration” x hap 
d thöſt boy 
altere e 
" BY, If no material alteration ha 
rg rate of the watch's going,' during the ti ime 
of trial, take the difference between What the 
watch: was too faſt of too flow on the firſt 1 
of obſervation, arid what it was too faſt or cad 
flow on the laſt, if they be of the ſame kind, 
that i is, böth too faſt, or both too ſlow; bin 
add them together if the watch was too faſt _ 
in one inſtance, and too flow i in the enhors 
this. difference, or ſum, muſt be divided by 
the number of days which elapſed between 
the firſt and laſt day's obſervations, and the 
quotient Will be the number of. ſeconds and 
. ee decimal 


he beg jinplng, it is 18 


| rate which' the watch went | of 2 
#2 WEL. USC 1 wh 
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